In this paper we investigate the stock market response to international monetary policy changes in the UK and Germany. Specifically, we analyse the impact of (un)expected changes in UK and German/euro area policy rates on UK and German aggregate and sectoral stock returns in an event study. The decomposition of the (un)expected changes in policy rates are based on futures markets. Overall, our results suggest that, UK monetary policy surprises have a significant negative influence on both aggregate and industry level stock returns in both the UK and Germany. The influence of German/Euro area monetary policy shocks appears insignificant for both countries.
Introduction
The last decade has witnessed the primacy of monetary policy as the main tool used by policymakers in the stabilisation of inflation and output. Concomitantly, commentators and analysts pay close attention to changes in policy rates in the belief that such changes, particularly unexpected changes, can influence stock market returns. Moreover, with increasingly integrated global markets, attention is paid not only to domestic policy changes but also to how foreign policy and foreign economic conditions can affect the domestic economy.
Reflecting these issues, greater attention has been paid to the qualitative and quantitative impact of monetary policy changes on other asset prices such as interest rates, exchange rates and stock returns. In terms of the US, examples of research that have examined the influence of monetary policy surprises on other interest rates include, Bomfim (2003) , Kuttner (2001) and Poole and Rasche (2000) . Andersen et al (2004) and Fatum and Solnik (2003) have explored the impact of surprise changes in the US policy rate on various exchange rates while Bernanke and Kuttner (2005) , Ehrmann and Fratzscher (2004a) and Rigobon and Sack (2003) have all examined how US policy rate changes affect the US stock market.
In the first part of our study we investigate the impact of UK and German/Euro area monetary policy changes on domestic stock returns. In particular, we examine how both aggregate and sectoral level returns respond to domestic monetary policy changes in an event type study. While previously mentioned research addresses this issue for the US, there is an absence of such work for the UK and Germany. 1 Hypotheses of interest include whether aggregate stock returns respond significantly to domestic monetary surprises? Is it likely that all sectors in each economy react in a homogenous fashion to policy rate changes or are there differential effects across sectors in each economy? A recent study by Stevenson (2002) looks at the impact of German interest rate changes on European bank stocks and finds evidence of heterogenous response from country specific bank returns as a result of German policy shocks. 2 With increasing financial integration, policy changes in one country are likely to impact 1 Both Ganley and Salmon (1997) and Hayo and Uhlenbrock (2000) investigate the output effects of UK and German monetary policy shocks respectively at a sectoral level, using pre EMU data in a traditional VAR setting.
2 The author, however, only looks at actual interest rates.
on stock returns in other countries. Recent work has just begun to address these issues. For example, Andersen et al (2004) and Ehrmann and Fratzscher (2004a) examine the influence of US macro variables including monetary policy on bond and foreign exchange markets both domestically and in other countries. In the second part of our study, we examine whether there are spillovers in terms of monetary policy changes in the German/Euro area or the UK respectively affecting aggregate or sectoral returns in the other economy.
This raises a number of interesting questions. Do domestic and foreign monetary policy shocks affect different industries in different countries? Are there commonalities in how industries common to the two countries react to a domestic or foreign interest rate change?
In addition, given the potential entry of the UK into EMU, how is the UK market affected by German/Euro area interest rates shocks.
Our results show that unanticipated changes in UK monetary policy have a significant impact on aggregate stock returns in both the UK and Germany. Moreover, UK monetary policy shocks have a significance impact on industrial returns in both the UK and Germany.
We show that the response of UK industry to UK monetary policy shocks is similar to that observed for US industries to unanticipated changes in US monetary policy. However, surprisingly we observe that unexpected changes in German/Euro monetary policy has little impact on either aggregate returns or industry returns in the UK and Germany.
The outline of the rest of the paper is as follows. In section 2, we first review the related literature and discuss the appropriate identification of monetary policy. Section 3 presents the methodological approach adopted in this study while section 4 reports and discusses the results and relates them to the findings of other recent studies. Finally, Section 5 summarises our main conclusions and draws some policy implications.
Literature Review
A number of channels have been hypothesised regarding how monetary policy can influence stock market returns, see the reviews in Bernanke and Kuttner (2005) and Sellin (2001) .
For example, if markets are efficient and the value of equities are determined by the expected discounted present value of future cash flows, a change in monetary policy can influence stock returns in a number of different ways. First, via arbitrage, a change in the monetary authority's policy rate is likely to feed into the risk free rate and other market rates, hence, affecting the opportunity cost of holding such an asset. This will, in turn, have an inverse effect on the present value of future cash flows via its impact on the discount factor. Second, given changes in monetary policy can potentially affect output in the short to medium term, expected future cash flows can also be influenced by changes in economic activity induced by such monetary policy changes.
Studies of the relationship between monetary policy and asset prices generally take one of two approaches; vector autoregressions (VAR's) or event studies. The rationale for using one or other approach depends on a number of considerations including the time horizon of interest and the variables one wishes to control for and we will discuss both approaches.
Identification of Monetary Policy
There are a number of methodological issues that need to be addressed in studying the influence of monetary policy changes on stock market returns. These can be grouped into three main categories 1) endogeneity, 2) omitted variable bias, 3) isolating the surprise component of policy rate change. We will address each of these in turn.
The appropriate identification of policy changes can be most clearly seen in early studies assessing the impact of changes in money supply on asset prices. Is the announcement of say a change in M1 truly exogenous? Changes in this measure could equally reflect changes in money demand or money supply. A failure to properly identify monetary supply changes has led some researchers to find counterintuitive results. 3 The issue of identification becomes somewhat more subtle when one focuses on short term rates as the central bank's main policy variable. In particular, a researcher wishing to isolate the influence of a change in the monetary authority's policy rate on asset prices needs also to be aware that causation may run in the opposite direction, with changes in asset prices leading the monetary authority to change policy rates. Rigobon and Sack (2003) attempt to control for this possibility.
However, they find the impact of failing to take account of such endogeneity appears quite small in practice. Moreover, many central bank practitioners argue that central banks have little role in responding to asset prices per se, see for example, Vickers (1999) .
Stock returns and policy rates could also change due to movements in some other variable. In an attempt to control for the influence of other variables, many researchers have turned to an event study methodology. An event study attempts to control the effect of other information that may influence asset prices by examining a narrow time interval surrounding the policy action or piece of news under consideration. In particular, the day of the event is chosen, announcement day, and the impact on the announcement day and/or subsequent days, event window , are analysed. Clearly, the smaller the window, the less other factors can influence the results and in addition the less likely there will be an issue of endogeneity. 4
Empirical work that fails to decompose monetary policy changes into its expected and unexpected components is also likely to lead to biased results due to an errors in variables problem. In particular, a number of theories based on the assumption of efficient markets would suggest that only unanticipated changes in policy should influence asset prices immediately, i.e., on the announcement day of a monetary policy change asset prices should respond only to the surprise element of such a change.
On the other hand, anticipated changes in policy should not affect asset prices on the announcement day but instead such information should have already been priced into the asset value by market participants when they became aware of it, i.e., prior to the announcement day. Otherwise, arbitrage opportunities would exist and markets would be deemed inefficient. Studies that examine the influence of policy rate changes and fail to decompose actual changes into these two components are liable to lead to biased results.
For example, Cook and Hahn (1989) failed to take account of expected and unexpected changes in monetary policy and so their results are subject to biases as a result of the errors in variables problems. Other longer-term horizon studies that suffer from this problem include Concover, Mitchell and Johnson (1999) and Durham (2001) .
Recent research has attempted to distinguish between surprise and anticipated changes in monetary policy rates using one of three main approaches. These are 1) directly survey market participants, 2) using future markets data, 3) derive expectations based on forecasts from regression analysis. Probably the most popular method is the second approach. Its popularity stems from the fact that in recent times futures markets have dramatically increased both their liquidity and the range of instruments on offer. Hence, one can derive a measure of the surprise element on a continual basis and this is the approach adopted in this paper.
The vector autoregressive (VAR) approach has been advocated as a panacea to the problems of endogeneity and need to isolate surprise changes in monetary policy from actual changes. In particular, an unanticipated exogenous change in the policy instrument is identified and its effects on various asset prices can then be examined via impulse response 4 See Campbell, Lo and McKinlay (1997) for a detailed discussion of the event study approach.
functions over the short to medium term. Both Thorbecke (1997) and Patelis (1997) estimate VAR models for the US and find a negative relationship between an interest rate shock and equity returns. International cross country evidence is provided by Neri (2004) who examines policy rate shocks while Lastrapes (1998) looks at the impact of a monetary supply shock on stock returns for the G7. Both authors find that a one quarter exogenous unanticipated monetary contraction leads to a temporary decline in stock returns.
The VAR approach is, however, dependent on the data frequency used, variables included and the ordering of the variables. Moreover, VAR studies generally use monthly data or quarterly data and hence may lose some of the effects of interest rate changes on asset prices due to aggregation and timing concerns. In addition, Rudebusch (1998) among others, has questioned the nature of the shock to the policy variable generated from a VAR on the grounds that it is somewhat artificial and meaningless.
market interest rate based on the average monthly federal funds rate and this is called the federal funds futures rate. Differences between its value and the federal funds rate generally reflect expectations of an interest rate change. In the Bernanke and Kuttner (2005) study, they use a scaled version of the one-day change in current month federal funds future rate as a proxy for the unanticipated component on the day of the policy rate change. 5,6
Bernanke and Kuttner (2005) find that a surprise change in US monetary policy is statistically significant with a negative sign, i.e., an unanticipated change in the US federal funds rate target has a negative effect on US stock returns. On the other hand, they find that anticipated changes have a positive significant influence over the full sample. 7 Similar results have been found for the US by Ehrmann and Fratzscher (2004) , Rigobon and Sack (2004) and Gurkaynak, Sack and Swanson (2002) using an event study methodology.
Since we are investigating the impact of (un)anticipated changes in German/Euro area and UK policy rates, we need measures of the surprise component in each respective policy rate. For both the UK and German(Euro area), there are no equivalent futures market instruments that tracks the UK or the German(Euro area) policy rate. However, there are interest rate futures contracts that can act as close substitutes since they are likely to be strongly influenced by current expectations of future policy rates. Our proxy for the unanticipated change in the German policy rate between 1989 and 1998 is the one-day change in the 3-month Euromark futures rate. With the introduction of the euro in January 1999, we proxy surprise changes in the ECB policy rate by the one-day change in the threemonth Euribor futures rate. Bernoth and Von Hagen (2004) find that the three-month Euribor futures rate is an unbiased predictor of Euro area policy rate changes. 8
For the UK, the policy rate is the two-week repo rate. Our proxy for the unexpected change in the policy rate is the one-day change in the 3-month sterling futures contract. This is one of the instruments used by the Bank of England to infer market expectations about the likely course of monetary policy, see Brook, Cooper and Scholtes (2000) .
One concern with using futures rates of a longer maturity than the policy rate, i.e., 5 Gurkaynak, Sack and Swanson (2002) find that the fed funds future market is the best predictor of Federal funds target rates of all interest rate instruments. 6 The scaling occurs because the value of Fed fund futures contract depends on the average over the month in question rather than at the end of the month.
7 They also highlight a number of outliers and once these are accounted for the unexpected influence remains statistically significant while the expected change is not statistically significant. for the UK we use the three-month sterling futures contract when the policy instrument is the two-week repo rate, is that changes in the former may reflect changes that the market anticipates in the future and not in the immediate horizon. However, Rigobon and Sack (2004) argue that a longer maturity forward contract is more likely to catch a genuine surprise element in the policy rate change rather than a change in timing, i.e., markets are more likely to react to a surprise change in the policy rate relative to when markets had factored in a policy rate change but simply got the timing wrong. 9
Data and Empirical Results
The sample period when investigating German monetary policy shocks runs from the be- portfolios for the UK and Germany, obtained from Datastream. 11 The industrial sector portfolios are selected on the basis of data availability for the two indices over the entire sample period. The summary statistics for the full set of daily returns on each of the sectors and the benchmark index for the UK and Germany are reported in Table 2 and 3 respectively. There is considerable variation in sector returns in each of the two countries.
Empirical Results
We first examine the impact of domestic monetary policy shocks on domestic aggregate and sectoral returns.
Influence of UK Monetary Policy on UK Returns
In returns on day of the monetary announcement could bias our estimate of the response of UK returns due to omitted variable bias. We can control for this by including any variables which may have such an effect.
Thus, our baseline specification in equation (1) is augmented to include any other variable which may affect stock returns on the day;
where y t is any omitted variable which may potentially bias estimates of the reaction of stock returns to monetary policy changes. Variables we have considered include, same day aggregate stock returns of US, German, Italy and France, sterling exchange rates as well as sectoral indices for the four above mentioned countries. 14 We find the significance of the coefficients associated with the expected and surprise elements of a policy rate change in table 3 are robust to the inclusion of any of these additional variables. Hence, it appears that nearly all UK sectoral returns examined appear to respond negatively and significantly to a surprise in UK policy rates while expected changes do not appear to affect sectoral stock returns.
Influence of German(Euro) Area Monetary Policy on German Returns
Next we examine the influence of German (Euro area) monetary policy on German stock returns both at an aggregate and sectoral level with these results reported in 
Influence of UK Monetary Policy on German Returns
In table 6, we report the influence of (un)anticipated changes in the UK policy rate on same day returns of German aggregate and sectoral returns. In terms of the DAX, we find that it responds negatively and significantly to a surprise change in the UK policy rate using a one tail test. This is in stark contrast to the lack of influence of German(Euro) area policy on German stock returns. In quantitative terms, the response of both the DAX and the FTSE to an unanticipated change in UK rates is similar.
At a sectoral level, 10 out of the 16 German sectors have a negative significant response to a surprise change in UK rates. Once again this is at odds with the effect of German (Euro) area monetary policy on German returns. The sectors that respond significantly are in the main closely aligned to those UK sectors that responded significantly to the UK monetary policy surprise suggesting commonalities across industries located in the two countries. 16 Ehrmann uses a structural VAR approach. 17 Connolly and Wang (2003) test for economic news spillovers between the US, UK and Japan and find evidence of significant spillovers, particularly from the US to Japan. 18 An exception is Stevenson (2002) who looks at the impact of German interest rate changes on European bank stocks.
Influence of German(Euro Area) Policy on UK Returns
In 
Interpretation of Results
To summarise, our results suggest that the impact of UK monetary policy on both UK aggregate and sectoral stock returns are consistent with the predictions of theory. However, German monetary policy shocks appear to have no influence on German aggregate stocks returns or industry level returns. Finally, we find evidence of spillovers from UK policy to both German aggregate and sectoral returns. The results suggest that industries common to both locations, UK and Germany, react in a similar fashion to UK monetary policy shock.
How is this result interpreted, given our findings for German monetary policy shocks?
In order to shed some light on this issue we study the impact of US monetary policy shocks on US stock returns. In table 8, we report the response of US aggregate and sectoral returns to (un)expected changes in US monetary policy. Comparing the sectoral response in US relative to the UK with respect to changes in domestic monetary policy, we find that there is a close correspondence in terms of sectors which are significantly influenced by domestic monetary policy. The exceptions are the chemical sector which responds significantly to changes in UK monetary policy but not in US while insurance, oil & gas respond significantly in the UK but not in the US. Quantitatively it does however, appear that sectors in US respond either with a larger coefficient or a more significant response compared to those in the UK.
The results reported here for the US are broadly consistent with the results reported in Bernanke and Kuttner (2005) . 20 Given the domestic industry response in the UK and US are consistent, is it likely to be the case that US policy shocks will influence UK and/or German industry returns. We have examined the influence of US monetary policy surprises on both UK and German returns but found very little evidence that US monetary surprises 19 The results here are in contrast to those reported in Stevenson (2002) for European bank returns. This may as already highlighted be as a result of the decomposition of interest rate changes into expected and unexpected. 20 Bernanke and Kuttner (2005) use the Fama-French disaggregated data in their study.
or expected changes in rates influenced next day UK or German returns both at either an aggregate or sectoral level. 21
Conclusions
In this study, we have examined the impact of UK & German/Euro area monetary policy shocks on aggregate and industrial level stock returns. A central part of the study was the decomposition of policy rate changes into their expected and unexpected components using an interest rate futures contract. Our results show that UK monetary policy shocks have a statistically significant impact on both UK aggregate and UK industry stock returns.
This finding complements the previous literature on US monetary policy shocks and the US results presented here. We observe that there is a similarity in the sectors which show significant responses. However, the UK response is of much smaller magnitude than that observed in the US.
We also observe important spillover effects since unanticipated changes in UK monetary policy have significant impacts on German aggregate and industrial level stock returns.
The sensitivity to the shock is dependent on the particular industry, e.g. autoparts and households are extremely sensitive to the shock. However, the results for German/Euro area monetary policy shocks are dramatically different in relation to the importance of the shock on both German and UK aggregate and industrial level returns. Both expected and unexpected changes in German/Euro area monetary policy have an insignificant impact on stock returns in Germany and the UK.
21 Results not reported. Results are available from the authors on request. 
